Introduction: Placental transport is the main factor affecting the health and development of the fetus. Due to the placenta's geometrical and mathematical complexity, the structurefunction relations of placental terminal villi have not been successfully modeled. Hence, a novel modeling approach is proposed. Methods: Computational models of four different specimens were generated from the three dimensional reconstruction of confocal laser scanning microscopic image stacks. To evaluate the capabilities of the proposed methodology, stationary oxygen diffusion transport was calculated in the terminal villus volumes. Results: The reconstructions automatically provided the spatial arrangement of the fetal capillaries inside the terminal villi. The surface and volume ratios between the fetal capillaries and the villus were also calculated, and the effects of model parameters on the placental diffusive capacity were assessed by parametric analysis. Discussion: The potential of three-dimensional reconstructions combined with finite element analysis as a research tool for the human placenta was tested. The methodology herein could serve in the future as a simulation platform for complicated in vivo and in vitro scenarios.
modeling.

23
Mathematical models of placental exchange function were initially described more than 40 24 years ago [2, 13] . The different modeling approaches can be classified into two broad groups: model is by simplifying the geometry to known geometrical shapes -e. g. tubes and ovals.
36
These type of studies form the second and smallest group of placental modeling [20] [21] [22] . 37 Thus, most of the studies performed on the oxygen transport in the human placenta have 38 successfully modeled it in 1D and 2D, but those who attempted to do so in 3D were required 39 to simplify the geometrical structure. For a detailed review on models of oxygen transport in 40 the placenta the reader is referred to Serov et al. [23] . 41 In the current study, three-dimensional reconstructions of terminal villi and their capillary 
Material and Methods
Specimen Preparation
50
A fresh healthy placenta delivered by Cesarean section at term was obtained at the were filled, the solution was left in place for 30 min and then removed by flushing with PBS.
62
The two lobules were processed at 2 different perfusion pressures: 100 mmHg (specimen 
68
The specimens were scanned using a Leica SP2 CLSM (Leica Microsystems, Wetzlar, the specimen specific terminal villi and fetal capillaries were automatically generated in function. The overall 3D reconstruction process is schematically shown in Figure 1 .
92
The microscopic size of the samples challenges the verification of the geometries. Therefore,
93
a methodology that enables the estimation of the reconstruction accuracy was developed.
94
Four r = 90 µm and three r = 4 µm spheres were scanned with equal parameters as the 
Computational Model
100
The 3D solid bodies were imported and implemented using the commercial FE solver Fick's second law of diffusion, Eq. 1, which states that the oxygen volume flow (with time t) 112 across a membrane is related to its physical dimensions (x, y, z), the driving concentration gradient, ∇C, and the diffusion coefficient, D.
The oxygen concentration at the villous membrane corresponds to the maternal blood allows for geometric variability to be taken into account is proposed (Eq. 3).
The flux magnitude refers to the volumetric integration of the diffusive flux magnitude 139 over the villous membrane, representing the amount of oxygen that will be absorbed by the 140 capillaries and V cap refers to the capillary volume. fluxes when compared to thicker areas of the tissue due to the small diffusion distances.
158
Parametric studies of the oxygen concentrations in the membrane and capillary surfaces 159 showed no difference in the results when the driving oxygen gradient remained constant.
160
However, the increase of the gradient had a profound effect in both the total oxygen flux 161 and concentration magnitudes. Interestingly, the capillary boundaries that faced towards the 162 center of the villi (opposite to the villous membrane) received very little oxygen (see Figure   163 3).
164
The oxygen flux magnitude was averaged (see Appendix A for details on local averaging) 165 along different membrane thicknesses and was found to be inversely proportional to the diffusion coefficient has a significant effect on the rate and amount of oxygen that diffuses 169 especially in the smallest distances.
170
The efficiency E, Eq. 3, of the terminal villi was 1.54·10 −4 , 2.89·10 
Discussion
173
Research on the human placenta is challenging, mainly due to ethical considerations, the gradients, are responsible for sculpting these capillaries [1] . However, further research is still 186 needed to clarify this idea and its effect on the fetal blood flow and diffusion capacity of the 187 human placenta.
188
Even though there is a significant amount of data in the literature regarding the geometrical 189 parameters of the villous components, most of them were calculated in a whole placenta between villi [31] and therefore it is no surprise to find the different cases to be reported.
201
The surface area ratio may be related to the amount of dilation of specific segments rather 202 than to external factors since. 
217
To obtain a reliable model, the geometry and the oxygen transport problem should and investigated using a realistic 3D model of the terminal villi.
234
The concentration and flux distributions showed that while the vasculo-syncytial mem- the outer surface of the villous membrane representing the membrane thickness, were created.
272
The flux was then averaged by a standard numerical integration method (quadrature) as 
